I. Introduction

Analysis of electrical interconnect structures is becoming an important
solution of an arbitrarily interconnected scattering parameter network is reviewed and developed for both frequency and time domain. 2) Scattering parameter models of typical VLSI elements are reviewed and developed. 3) Incorporation of external scattering parameters is discussed. 4) Implementation of the technique in a useful computational tool for analysis of VLSI packaging is described. Finally, two typical VLSI packaging problems are solved and the results discussed.
S-parameter Circuit Analysis
Frequency Domain S-parameters
The scattering parameter Throughout the rest of this paper, the characteristic impedance 2, will be set to 1 ohm unless stated otherwise.
Frequency Domain Circuit Analysis
The behavior of circuits may be analyzed in terms of the normalized wave variables at the ports of the component multiports'. For a circuit component with n , ports as shown in Figure 2 , a system of n , equations can be written The overall system equation for all n components including sources is b=Sa+c (2.6) where 8 will be block diagonal ans whose n submatrices along the diagonal will correspond to the n circuit components , and a, b and c will be row vectors representing incoming, outgoing and impressed waves. 
Time Domain Circuit Analysis
The time domain S-parameter circuit description for network analysis is given as5 ( 
2.18) b(t)=l(t) *a(t)
where * is the convolution operator. Note that S(t) is the system impulse response as described in section 2.1. Solving a linear system using 2.18 is computationally inefficient when compared to the frequency domain algorithm described in section 2.1. However, nonlinear terminations must be handled in the time domain, and one of the methods under development for non-linear terminations utilizes equation 2.18.
Frequency Dependent S-parameter Models
This section reviews some of the two-port scatter matrices (S-matrix) and derives the 2N-port scatter matrices of N-coupled lines commonly used in VLSI systems. The two-port scatter matrices describe frequency dependent resistors, capacitors, inductors and single transmission lines. The 2N-port scatter matrices are derived from the frequency dependent, lossy Telegrapherrs equations for N-coupled lines.
Frequency Dependent R,L,C Two-Port
Resistors, capacitors and inductors can be represented by a 2x2 S-parameter matrix or two-port. For the normalized system given in Figure 3 
IV. Incorporation of Externally Generated S-parameters Into Analysis
Externally incorporateds-parameters include measured and simulated data. To make such data compatible with the described theory, the following three steps are taken. 1) Synchronize external data samples with the FFT sample rate. The FFT requires a uniform sample rate that is determined by the number of samples used and the period. If the data samples are not synchronized, then interpolation or curve fitting can be used.
2) The data must then be impedance normalized. Since data is rarely measured with a 1 ohm load, the data must impedance scaled. The relationship between the desired normalized Sparameters 8,(0) and the de-normalized B ( W ) is given by"
Where an is the de-normalized termination impedance matrix which is normally diagonal for decoupled terminations, and U which is the identity matrix. 
IV. Discussion and Examples
The technique developed in previous sections shows great promise in the analysis of periodic wavform response and the analysis of frequency dependent systems. The following two examples demostrate the application of these techniques to VLSI packaging. The first example involves a coupled transmission line problem with resistor, capacitor and inductor terminations. The results, as will be shown, agree with established results.
In addition, results are provided for the case where the clock frequency is held constant and the rise time varied, and for the case when the clock is varied while the rise time is constant. It will become evident that the rise time is not the sole measure of transmission line performance, and that worst case transmission line response design entails both maximum clock frequency and minimum rise time 
